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I. Material and Methods
Synthesis and Single-Crystal Growth of Various Samples.
All chemicals and regents were purchased from Sigma-Aldrich and used as received, except for n-hexylammonium iodide (HAI) and AI (A = methylammonium (MA), formamidinium (FA), ethylammonium (EA), guanidinium (GA), acetamidinium (AA)) which were purchased from Dysol.
Safety Statement. Exposure to lead halides can cause acute and chronic lead poisoning. A respirator is recommended while handling powders of lead halides. For lead halides solvated in DMF, PPE compatible with DMF (i.e. butyl rubber gloves) should be used. 3 and 2D RP perovskites of (HA) 2 Table S1 . The precipitated red powders were collected by centrifugation at 10 k rpm for 1 min, and then washed with chloroform several times before dried at 60 °C in an oven. The suspended solutions of various (HA) 2 (A)Pb 2 I 7 were prepared by adding 10 μL of APbI 3 solution with HAI into ~2 mL chloroform. Experimental parameters, such as the concentration and volume of each chemical, for obtaining precursor solutions are summarized in Table S2 . of cold nitrogen at 100(1) K and centered in the X-ray beam by using a video camera. The crystal evaluation and data collection were performed on a Bruker Quazar SMART APEXII diffractometer with Mo K α (λ = 0.71073 Å) radiation and the diffractometer to crystal distance of (6.00; 4.96 cm) 1 . The initial cell constants were obtained from three series of  scans at different starting angles. Each series consisted of 12 frames collected at intervals of 0.5º in a 6º range about
Antisolvent growth of non-perovskites of APbI
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 with the exposure time of 10 seconds per frame. The reflections were successfully indexed by an automated indexing routine built in the APEXII program suite. The final cell constants were calculated from a set of (4599; 9941) strong reflections from the actual data collection. The data were collected by using the full sphere data collection routine to survey the reciprocal space to the extent of a full sphere to a resolution of (0.80; 0.77 Å). A total of (40129; 61721) data were harvested by collecting (6; 10) sets of frames with (0.4º; 0.5 º) scans in  and φ with exposure times of (20; 11) sec per frame. These highly redundant datasets were corrected for Lorentz and polarization effects. The absorption correction was based on fitting a function to the empirical transmission surface as sampled by multiple equivalent measurements 2 . A structural figure with probability ellipsoids of GAPbI 3 is shown in Figure S6 .
Single Crystal Diffraction Data Collection of (GA)PbI
Structure Solution and Refinement of (HA) 2 (GA)Pb 2 I 7 : The systematic absences in the diffraction data were consistent for the space groups P and P1. The E-statistics strongly suggested 1 the centrosymmetric space group P that yielded chemically reasonable and computationally 1
stable results of refinement 3, 4, 5, 6, 7, 8 . A successful solution by the direct methods provided most non-hydrogen atoms from the E-map. The remaining non-hydrogen atoms were located in an alternating series of least-squares cycles and difference Fourier maps. All non-hydrogen atoms were refined with anisotropic displacement coefficients. All hydrogen atoms were included in the structure factor calculation at idealized positions and were allowed to ride on the neighboring atoms with relative isotropic displacement coefficients. In the N5 hexan-1-aminium, the carbon . These peaks were located in the vicinity of the heaviest atoms and were considered noise. A structural figure with probability ellipsoids of (HA) 2 (MA)Pb 2 I 7 is shown in Figure S8 .
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Structure Solution and Refinement of (GA)PbI 3 : The systematic absences in the diffraction data were uniquely consistent for the space group P2 1 /n that yielded chemically reasonable and computationally stable results of refinement 3, 4, 5, 6, 7, 8 . A successful solution by the direct methods provided most non-hydrogen atoms from the E-map. The remaining non-hydrogen atoms were located in an alternating series of least-squares cycles and difference Fourier maps. All nonhydrogen atoms were refined with anisotropic displacement coefficients. All hydrogen atoms were included in the structure factor calculation at idealized positions and were allowed to ride on the neighboring atoms with relative isotropic displacement coefficients. 
Other Structural and Spectroscopic Characterizations.
The PXRD patterns were collected on as-prepared samples on glass substrates using a Bruker D8 Advance Powder X-ray Diffractometer with Cu Kα radiation. The optical images of the single crystals were obtained on an Olympus BX51M optical microscope.
Absorption and PL measurements. Bulk powder UV−vis absorption data were obtained with a Cary-5000 UV−vis−NIR spectrophotometer equipped with an integrating sphere attachment (Agilent) in reflectance mode. The UV−vis absorption data of suspended solutions were collected using a JASCO V-550 spectrometer.
The steady-state photoluminescence of (HA) 2 with liquid nitrogen cooling. Each spectrum was acquired after the sample was stabilized at the target temperature for 10 min.
II. Supporting Figures, Tables, and Equations
Equations used to calculate Quadratic Elongation ( and Bond angle variance ( ). 9
Where is the Pb-I bond length, is the Pb-I bond length from an ideal octahedron of the same volume, is dimensionless. ⟨ ⟩ Equations S2: Bond angle variance ( )
Where is the I-Pb-I bond angles of the octahedra. which suggests this product is not a (pure) n = 2 perovskite structure. Instead, the pattern seems to be more similar to that of (BA) 2 (MA) 2 Pb 3 I 10 , and the diffraction peaks just slightly shift to lower angle. The color of the powder appears to be the darkest (suggesting the smallest bandgap). These suggest the possible formation of higher-n (i.e. n > 2) structures for the EA cation. 
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